INTRODUCTION
Centrifugation of semen is essential to remove decapacitation factors, prostaglandin, and other deleterious substances present in the seminal plasma (1, 2) . Although the centrifugation of semen is a routine procedure, variations in the number and quality of sperm recovered following centrifugation are poorly understood. Recovery is influenced by the initial quality of ejaculate and extent of dilution, in addition to the intensity of the relative centrifugal field (RCF) and length of centrifugation (3) (4) (5) (6) . Centrifugation may induce sublethal intracellular and ultrastructural damage to spermatozoa (6) (7) (8) and can also induce superoxide radical production (9) . This leads to peroxidation of lipids in the sperm plasma membrane, further compromising spermatozoan quality (9, 10) .
Ideally, a centrifuge should increase the rate of sedimentation without increasing sublethal damage to spermatozoa. This report describes a new centrifugation method that involves pulsing the RCF. By using the pulsing technology during centrifugation for short periods, one may gradually and discontinuously exert an increased gravitational force without inducing latent injury to the spermatozoa.
MATERIALS AND METHODS
Ejaculates obtained by masturbation from 10 men were analyzed after liquefaction. The ejaculates were then diluted with 4 parts of Tyrodes's salt solution (Sigma Chemical Co., St. Louis, MO) and divided into two equal portions. One portion was centrifuged at 1000 RCF for 5 min in a Spinet centrifuge (Damon/ IEC Division, Needham Heights, MA). The other portion was centrifuged in the same centrifuge but the RCF was pulsed as follows: the sample was centrifuged at 1000 RCF for 2 min, followed by 1 min of rest. The process was repeated three more times, while centrifugation and the rest period lasted for 1 min each.
The supernatant from both portions was carefully removed and the sperm pellet resuspended in 1 ml of Tyrode's salt solution. After determining the sperm concentration and motility, an equal volume of TESTyolk (Refrigeration Media; Irvine Scientific, Santa Ana, CA) was added to both portions and cooled to 5°C in a water jacket to stress the spermatozoa slowly. The sperm motility was again determined at room temperature following 1-and 24-hr incubations at 5°C.
Statistical Analyses
The mean ± standard error of the mean (SE) for all data was calculated. The log-transformed sperm concentration and arcsin-transformed percentage sperm motility data were subjected to paired t-test using the InStat program (Graph Pad, San Diego, CA) to assess the significant differences in means between the two centrifugation methods.
RESULTS
The ejaculate mean values (95% confidence interval) for sperm concentration and motile sperm concentration were 71.3 X 10 6 /ml (48.8-93.8) and 56.6 X 10 6 /ml (36.9-76.2), respectively. The number and quality of sperm recovered following the pulsing method of centrifugation were significantly higher (P < 0.002) than those of sperm recovered from standard centrifugation (Table I) . Similar results were obtained following 1-and 24-hr post-incubation at 5°C in TEST-yolk.
DISCUSSION
Centrifugation is designed to increase the rate of sedimentation of particles in a medium. Owing to sensitivity, the sedimentation of spermatozoa requires a minimum RCF during centrifugation. The sperm pellet must be firm enough to prevent liquid vortex disturbance but soft enough to minimize cell damage and loss of function. The detrimental influences on sperm quality mount when the RCF and the length of time of centrifugation are increased to boost recovery. In contrast, relatively low RCF results in poor recovery. Therefore, a compromise is continually sought to maximize the recovery of viable spermatozoa (5, 6) .
Also, centrifugation is the only practical technique for the concentration of spermatozoa from an ejaculate, and it is essential for any selection process, such as density gradient centrifugation, Sephadex, or glasswool column separation. However, centrifugation of intact cells over some density gradient results in poor total recovery (11) but is the recommended procedure for sperm preparation (12) , because no other comparable methods are available.
Compared with standard centrifugation, pulsing the RCF during centrifugation increased spermatozoan recovery (Table I) . From the data presented, incubation of spermatozoa at 5°C did indeed reveal the deleterious effects of standard centrifugation, confirming previous reports (7, 8, 10) .Therefore, stressing the sperm by incubation at 5°C may augment any subtle alteration or latent injury to sperm caused by centrifugation. A significant decrease in sperm motility was observed following standard centrifugation compared with pulsing centrifugation method.
Although an RCF of 600 or more is considered deleterious to spermatozoa (5, 6) , by pulsing the RCF for short periods, as demonstrated in the present study, even a higher RCF (1000 rcf) can be used. Because the pulsing centrifugation method yielded a significantly higher recovery of viable spermatozoa compared with standard centrifugation under identical conditions, pulsing the RCF during centrifugation will greatly facilitate any processes requiring sedimentation of viable spermatozoa. 
